This paper analyses the impact of a big manufacturing plant closure on cities' labor markets. We use employment data for Spanish municipalities over the period [2000][2001][2002][2003][2004][2005][2006][2007][2008]. Using a differencein-differences approach we examine whether the loss of jobs due to the plant closure has a multiplier effect on the rest of the local sectors or, on the other hand, it crowds out local employment. Our results enable us to say that when a plant shuts down, each additional job loss creates only 0.5 job losses on the same manufacturing industry. When focusing on the plant level, we observe that other plants within the same city and industry as the treated one increase their employment by 20% in the same period, being this a possible explanation to the industrylevel results. We also examine the agglomeration mechanisms (input sharing, labour pooling and/or knowledge spillovers) that may be driving these results. Additionally, we find no evidence of any effect on other manufacturing industries nor on the non-tradable sector.
Introduction
Place-based policies or, more specifically, policies that aimed at increasing local employment or, at least, safeguarding the existent jobs have been extensively adopted in many countries over the recent years. In fact, according to Moretti (2011) , the US state and local governments spend around $40-$50bn per annum on local development policies. In Europe, since the early 1970's, Great Britain has been providing subsidies to firms located within some designated areas in order to safeguard (or create) jobs through the Regional Selective Assistance (RSA) scheme. In France, the French Enterprise Zone programmes were also aimed to attract new firms to some designated areas. 1 Something similar has been applied in Spain over the last decade: the Competitive Assistance for Strategic Industries was designed to encourage firms on strategic manufacturing industries to create local employment and/or maintain the existing one.
Although most politicians argue that this type of policies are really important to promote local development, especially in less developed areas, from the efficiency perspective, such a statement becomes less clear. In fact, these regional subsidies are only justified when substantial agglomeration spillovers exist. If this is the case, any effect on one local firm may affect those at the surroundings by increasing the demand of locally produced goods (or encourage new entrants) so that the subsidy received will be able to internalize such externality. This is the socalled "multiplier effect". However, from a general equilibrium perspective, these policies can also increase the prices of other goods and crowd out the multiplier effect. Then, it is clear that whether these policies work or not to encourage local development will depend on the existence of significant local agglomeration spillovers.
In this context, we try to quantify those above mentioned local agglomeration spillovers by analysing the effect of a labour demand shock such as a plant closure on the local labour market. More specifically, this paper focuses on quantifying the impact of the closure of a large plant, in terms of direct and indirect effects, on the particular geographical area where the plant has been closed. There are several papers analysing the closure or off shoring of a plant such as Grossman and Rossi-Hansberg (2008) or Bernard and Jensen (2007) . However, although they study different countries and periods, both of them analyse the closure of a plant from the firm perspective. In other words, by examining some particular closures, they all try to determine the causes of a plant death. However, none of these studies evaluate the closure consequences in terms of employment and firms' persistence in the area which is the main goal of this paper although some of the relationship between plant closures and agglomeration has been analysed by Dumais et al. (2002) .
The same type of agglomeration analysis has been studied before by Greenstone et al. (2010) but, instead of focusing on a plant closure, they study the direct effects of the establishment of a new plant on the total factor productivity of the incumbent plants in the same county. They compare incumbent plants in the county where the plant was ultimately established with incumbent plants in the runner-up county. They find that the effect is larger for incumbent plants that share labour and technology with the new plant. Our paper is very much in line with the fundamental idea of Greenstone et al. (2010) , i.e. to evaluate the scope of local agglomeration spillovers but, instead of looking at the productivity side, we focus our analysis on the impact on the levels of employment of a particular municipality. Therefore, we are testing whether an exogenous shock such as a plant closure has a multiplier effect on the employment of other sectors within the same municipality or, on the contrary we find a displacement effect. In addition, we also perform an analysis at the plant level to quantify the effect more precisely. If the case is the former, it means that when a plant shuts down in a particular region, other smaller suppliers within the same area may need to close too due to the lack of demand. Additionally, many other service providers less related with the industry itself but supplying several services to the labour force that was previously working in that plant might also have to end their business.
There are several papers evaluating the multiplier or displacement effects on local labour markets. Edmiston (2004) evaluates the net economic impact on employment arising from large firm locations or expansions in the State of Georgia in the United States. Moretti (2010) and Moretti and Thulin (2013) analyse the effects on long-term employment in the tradable and not tradable sectors generated by an increase in the number of jobs in the tradable sector.
Additionally, in Moretti and Thulin (2013) the analysis is performed taking into account different levels of human capital and industry technology. Other papers such as Faggio and Overman (2014) , Faggio (2014) and Jofre-Monseny et al. (2014) also asses the local labour market impact of the creation of new jobs across sectors. More specifically, these papers evaluate the effect of public sector employment (or its relocation) on total private employment, separating also the analysis for services (or non-tradable sector) and manufacturing (tradable sector). All these studies find a multiplier effect on the non-tradable sector although the size of this multiplier differs a lot 2 . In the case of Moretti (2010) and Moretti and Thulin (2013) they find significant coefficients larger than 1, meaning that each additional job on the tradable sector creates more than one new job on the non-tradable one. However, Edmiston (2004) , Faggio and Overman (2014) and Faggio (2014) document the existence of a smaller multiplier effect going from 0.29 (Edmiston, 2004) to 0.5 (Faggio and Overman, 2014) . Additionally, Moretti (2010) finds no significant effect on the tradable sector while Faggio and Overman (2014) find a crowding out effect on this same sector, being the coefficient of 0.4. Our results are very much in line with the previous literature. We find that when a plant shuts down, each additional job loss creates only 0.5 job losses on the same manufacturing industry while we find no evidence of any effect on other manufacturing industries or on services. To the best of our knowledge we are the first to document these facts by evaluating the possible existence of a multiplier effect using data on job losses instead that on job creation. Although some papers such as Hooker and Knetter (2001) The paper is structured as follows. Section 2 presents the data and sample construction.
In Section 3 we explain the industry-level analysis of the multiplier effects, both for the direct effect and the industrial spillovers. Section 4 deals with the firm-level analysis. Section 5 explores the agglomeration mechanisms behind the results in the previous sections and Section 6 concludes.
Data and Sample Construction
We use annual Social Security Data on the number of workers for 2-digit CNAE93 The data on plant closures and their associated job losses is based on a larger dataset included in Myro and Fernandez-Otheo (2008) . Keeping this source as the baseline, we have cases in which the closure represents less than one percentage point over the total employment in the pre-treatment year. However the remaining 34 cases can be considered medium or large.
In fact 19 cases can be understood as medium, accounting from 1% to 10% of the municipality's employment and 15 cases can be seen as large, ranging from 10% to 60% of the municipality's total employment. However, as pointed out before, the average employment in all the period in the manufacturing sectors is about 13 employees per firm, so our closures (from 150 to 1,600)
can all be considered, on average, relatively big (see Table 1 ).
[ Figure 1 ]
The final sample that we are using is the result of constructing a control group for each of our 45 closures, giving us what we are going to call our 45 cases. Each of these cases comprises 4 control municipalities (counterfactuals) and the treated one, so we will have data on all industries for 5 municipalities in each case. The counterfactuals are selected using a matching procedure based on the industrial composition of Spanish municipalities in the year 2000. This matching is performed for each of the 45 treated municipalities separately and then we merge the 45 cases together being this our final sample, so we can find some replacement in our control group. As mentioned before, the municipalities receiving the treatment differ from the Spanish average municipality in observable factors that may affect both the change on employment and the plant closure's decision. If this is the case, matching techniques allow us to balance the distribution of covariates of the two subsamples (treatments and controls) and reduce the bias of the estimates performed afterwards (see Rosenbaum and Rubin, 1985) . However, we still have to make the assumption that the influence of unobservable characteristics on the evolution of employment is pretty similar between the treatment and control groups after accounting for observable covariates.
We perform our matching in three steps. First, we split all Spanish municipalities in 6 categories depending on their total employment level in 2000 ( Table 2 shows the distribution of total number of workers, i.e. dimension across all Spanish municipalities). Then, we only keep those municipalities that fall in the same category. By doing so, we will only be matching municipalities within the same dimension. Second, we compute the difference between the level of employment on the treated sector in all remaining municipalities and the treated one. We replicate the same procedure but, instead of using the total municipality level of employment as the variable of interest, we use only data for the core of the area (not taking into account the 10km rings). As a result, we have a measure of the deviation (positive or negative) between each municipality and the treated one, both at the very local level and 10 km away. Then, the third step consists on selecting the best counterfactuals based on these deviations that we have previously computed. We use a Euclidean distance measure to do so, excluding any treated municipality as well as their neighbouring municipalities as possible controls because they may be capturing (or at least that is what we want to test) part of the effects of the closure. 4 The Euclidean distance measure is given by:
( 1) where S a is the industrial employment deviation at the area level and S m is the industrial employment deviation at the core municipality level. We compute this measure twice: one for the cases in which S m turned out to be positive and another for the cases in which it was negative.
Doing it like this, we can select the two negatively-closest counterfactuals and the two positivelyclosest counterfactuals. Therefore, for each case, we end having the treated area and four municipalities with very similar industrial composition as the treated one: two immediately above it and two immediately below 5
. Table 3 shows that after this matching procedure, the control and the treated municipalities do not present statistically significant differences neither in any of the two measures used to compute the distance measure nor in the total employment, i.e. city size in the year 2000. In addition, Table 4 , in columns (1) and (2) reports the values of the industrial composition for the treated areas and the whole of Spanish municipalities for the pre-closure year. As we can clearly see, the treated municipalities have higher levels of employment relative to the whole country. Column (3) presents the average for our 4 control municipalities which clearly shows that this control group is a better counterfactual than the whole pool of Spanish municipalities.
[ Table 2] [ Table 3] [ Table 4 ] Figure 2 shows the geographical location of Big Plants in Spain as well as all the plant closures and controls in our sample. At first glance we can see that Big Plants are not equally 4 We also exclude the cities of Madrid, Barcelona, Valencia, Sevilla and Zaragoza both in the closure's data and as possible controls due to their large population size. 5 However, in some cases the matching algorithm does not find four controls for the treatment municipality but it always finds at least two.
( ) ( ) 2 m 2 a S S Distance + = distributed across the Spanish geography, on the contrary they are spatially concentrated. This fact is consistent with all the literature on agglomeration economies which points out that firms tend to agglomerate to benefit from labour market pooling, input sharing or knowledge spillovers. In the case of Spain, we find that the biggest manufacturing plants are located in the northern and eastern parts of the country, around Madrid and in the province of Cadiz (Andalucía) where one of the most important European ports (Puerto de Algeciras) is located. Therefore, not surprisingly, both our plant closures as well as our control group observations are mostly concentrated within those above mention regions too. In addition, Table 5 reports the industrial composition of plant closures in our sample. We can observe that the closures are split into many different manufacturing industries showing no evidence of closures due to industrial decline of any particular sector.
[ Figure 2] [ Table 5 ]
Local multipliers at the industry level: analysis and results
We undertake a Difference-in-Differences approach to estimate the effect of a labour demand shock such as a plant closure on the local labour market. More specifically, we use a first differences regression to analyse, using the variation between 2000 and 2008, whether a plant closure has any multiplier effect on the employment of the affected sector (direct treatment effect) but also in other tradable and non-tradable sectors (industrial spillovers).
Direct treatment effect
In this section we estimate the direct impact of a plant closure in a certain sector on the change on employment in that particular sector at the municipality level, controlling for some case specific effects. We estimate the following equation: α is a case specific fixed-effect and closure represents our key variable that, as mentioned before, is the count of job losses due to the plant closure. ci u is the error term. Our dependent variable is defined as follows: (3) where workers corresponds to the exact number of workers in case c and municipality.
Additionally, in order to control for unobserved characteristics that may also be affecting the change on employment between the period 2000-2008, we also include the level of employment in the treated sector in 2000 as well as the level of total employment in the same year to account for trends in industrial composition in the first case and control for municipalities' size in the second one. By controlling for initial city size, given the correlation between city size and city growth (see Gabaix and Ioannides, 2004 ), we will be more able to avoid any misleading interpretations of employment growth. We include these variables also for 1990 in order to control for any possible industrial trend. Additionally, we include a shift-share variable, following This is, the change in employment in sector i is less than proportionate. Table 6 presents the results of the plant closure impact on the change on employment in its 2-digit industry. Column (1) shows the results of estimating equation (4) at the municipality level, while column (2) reports the results when splitting the treatment between the core and the ring of the municipalities. The core of the municipality captures the very local effect while the ring identifies the effect at the 10Km ring. In both cases, the regressions include case dummies, the initial size of the treated sector, the initial city size and the shift-share variable. In column (2) we control for these variables at the municipality level but also at the core and ring levels. We can see that the coefficient associated with the closure variable is 0.48 and its absolute value is clearly below 1. This result points out that, for each job lost due to the plant closure, only (almost) half of jobs are actually lost in that particular sector and year. This confirms the inexistence of a multiplier effect on the treated sector. Additionally, when we split the results between the core and the ring we observe that all the effect comes from the core of the municipality. In fact, the coefficient is even bigger when restricting it to the core, meaning that the effect is important at the very local level but not 10 Km away from the closure.
[ Table 6 ] These results may be explained by a variety of causes. First, the industrial dimension of our data is very wide defined (2-digit CNAE93) and it might be the case that other industries within the municipality, presumable smaller, are also included in the same 2-digit industry. Then, any of these firms may see the closure of the biggest plant in the area as an opportunity to hire some of the workers that have recently lost their job. As a result, we do not observe a 1 to 1 relationship between the number of jobs lost because of the closure and the change on employment in that particular year. In order to solve this problem, in section 4, using another dataset containing 3-digit sector information at the plant level, we estimate an alternative model to test industrial spillovers within plants belonging to the same 2-digit sector but different 3-digit sectors.
Another plausible explanation of the results is that, when a big plant shuts down, a huge facility rests in the area, attracting other big firms of the same sector (or others) to settle their plants there. By doing so, they enjoy of less sunk costs that if they had to build a new plant somewhere else. Therefore, this big plant who establishes there may be absorbing a part of the labour force that previously lost their job. We think that this is a very plausible explanation because the period 2000-2008 in Spain was one of great economic growth. Therefore, most of the plants that closed within those years argued that they were not closing because of financial problems directly linked to the municipality's performance. In fact, most of them just relocate their business in other countries such as India, China or the Eastern European countries. As a consequence, it is very plausible that any other big firm in the same sector wanted to enjoy the agglomeration economies already built up around the closing plant.
Industrial spillovers
In this section we evaluate the impact of a job loss in a particular manufacturing industry in the rest of the manufacturing industries (tradable sector) and in the services (non tradable sector) at the city level. The literature on local multipliers finds that when manufacturing employment increases in a given city, the demand for services such as restaurants, bank services or medical care also increases. Therefore, the number of jobs on the non tradable sector grows up too, even after taking into account the general equilibrium effects. However, the results on the other manufacturing industries are less clear. In fact, the initial demand shock may affect local production costs for those firms on the tradable sector.
In this context, we analyse whether the results find on previous papers also hold when instead of understanding the demand shock as an increase on employment we interpret it as a loss of jobs due to a plant closure. In order to perform the analysis we estimate again equation (4) but now ci ∆employment is the change on employment in other manufacturing industries but the treated in case c and municipality i or the change on employment in services in case c and municipality i ( Table 7) . The key independent variable is still the count of jobs lost due to the plant closure and the controls of the regressions are also the same.
Column (1) shows the results of the impact of a plant closure in a given manufacturing industry on the change on employment between 2000 and 2008 on the rest of manufacturing industries while column (2) reports the same when splitting the treatment between the core and the ring of the municipality. We can observe that, although the coefficient does not take small values they are non-significant. Therefore, we can conclude that there is no effect of a large plant closure in a certain industry on the rest of manufacturing sectors, even when we differentiate the results between the core and the ring of the municipality. Column (3) presents the results of the impact of a plant closure in a given manufacturing industry on the change on employment between 2000 and 2008 on the non tradable sectors, i.e. services. Column (4) shows the same results for the core and the ring of the municipalities. At first glance we see that, as before, there is no multiplier effect of a plant closure in a manufacturing industry on the non-tradable sector of the local economy. This result is also confirmed when we split the result between the core and ring of the municipality.
[INTRODUCE HERE: INTERPRETATION OF THE RESULTS]
[ Table 7 ]
Firm analysis and results -Incomplete
In this section we look at the relationship between the plant closure and the change on employment of existing plants within the same city. More precisely, using a different dataset than the one used in the previous sections, we focus our analysis on those plants belonging to the same 3-digit industry than the treated plant. Moreover, we also analyse the impact of the jobs lost on the change on employment of plants within the same 2-digit industry but different 3-digit one.
Data
We use data on Spanish firms over the period 2000-2008 extracted from the System of Iberian Balances Analysis (SABI) which is the equivalent to the Bureau van Dijk data for Spain. This is a very rich database containing information on 2,000,000 Spanish firms. For our purposes we have selected a subsample of these firms using some criteria. First, we perform a new analysis at the firm level but we maintain the matching technique applied before at the municipality level.
Then, we are only interested on the firms that are located on the cities that are in our 45 cases and not in the whole Spanish geography. Second, we only analyse the effect within the same 2-digit sector as the treated plant. Therefore, we only consider those firms falling into the same 2-digit manufacturing industry as the affected one. After applying these two restrictions we end up although the information is very reliable for single-plant firms, it is not the same case for multiplant firms. This is because each firm is accounted at its headquarters. Therefore, if the firm has several plants located around the territory, the information is collected from all those plants, added up and assigned to the location of the headquarter. Additionally, there is no way to discriminate between multi-plant and single-plant firms because the SABI does not provide this information. However, most of the multi-plant firms in Spain have their headquarters in Madrid and Barcelona, cities excluded from our sample. As a consequence, we believe that the majority of the firms in our analysis will be single-plant and the results are representative on capturing the effect of a big plant closure on the smaller plants in the surroundings.
Econometric specification and results
In order to analyse the effect of a large plant closure on the plants within the same 2-digit or 3-digit industry within the same municipality we estimate the following equation: and age as controls. The former captures the effect of the firms' initial size while age controls for the years of existence of the firms since its creation. cj α is a case-sector specific fixed effect and kcij u is the error term, clustered by municipality. Table 8 shows the results of the impact of a large plant closure on the change on employment of firms within the same sector and municipality. Column (1) presents the results using data at 2-digit sector level, while column (2) reports those at the 3-digit level. Both in columns (1) and (2) Table 6 . Impact of a plant closure on the same industry, [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] (1) The regression includes case dummies, the size of the treated sector in 1990 and 2000 , the city size in 1990 and 2000 and the shift-share variable as controls. In column (2) the same sector and city variables are also included at the core and ring levels.
